Zygotic centrosome assembly in fertilized Drosophila eggs was analyzed with the aid of an antiserum Rb188, previously shown to be specific for CP190, a 190 kDa centrosome-associated protein (Whitfield et al. (1988) J. Cell Sci. 89, 467-480; Whitfield et al. (1995) J. Cell Sci. 108, 3377-3387). The CPI90 protein was detected in two discrete spots, associated with the anterior and posterior ends of the elongating nucleus of Drosophila spermatids. As the spermatids matured, this labelling gradually disappeared and was no longer visible in sperm dissected from spermathecae and ventral receptacles. 7-Tubulin was also found in association with the posterior end of the sperm nucleus during spermiogenesis, but was not detected in mature sperm. This suggests that CP190 and 7-tubulin are not present in detectable quantities in fertilizing sperm. CP190 was not detected in association with the sperm nucleus of newly fertilized eggs removed from the uterus, whereas many CP190-positive particles were associated with microtubules of the sperm aster from anaphase I to anaphase II. These particles disappeared during early telophase II and only one pair of CP190-positive spots remained visible at the microtubule focus of the sperm aster. These spots were associated with one aster through telophase, and then moved away to form two smaller asters from which the first mitotic spindle was organized. Colchicine treatment suggested that at least some CP190 protein is an integral part of the centrosome rather than merely being transported along microtubules. Centrosomal localization of the CP190 antigen was prevented by incubation of the permeabilized zygote in 20 mM EDTA.
I. Introduction
The centrosome is the main microtubule organizing centre (MTOC) of most animal cells, and must therefore play a major role in the regulation of the many dynamic and structural activities which are mediated by microtubules. Besides being instrumental in the assembly of the mitotic spindle in proliferating cells, the centrosome nucleates the microtubular cytoskelton and thus plays a part in the determination of cell shape and polarity, cell movement, intracellular transport and differentiation (Kalnins and Rogers, 1992) . The centrosome is composed of a fibrogranular matrix, with pericentriolar material surrounding two orthogonally disposed centrioles. Several proteins are known to associate with the centrosome (Kimble and Kuriyama, 1992; Kalt and Schliwa, 1993) ; however, the identity of the components that nucleate microtubules is not yet clear. 7-Tubulin, * Corresponding author. Tel. +39 577 298907; fax: +39 577 298898. found in MTOCs of several species (Oakley et al., 1990; Horio et al., 1991; Steams et al., 1991; Zheng et al., 1991) is involved in this process, but other molecules may participate as well. At each cell cycle the centrosome doubles and splits in two, so that each daughter cell receives a single centrosome. During the development of fertilized eggs, centrosome inheritance must be precisely controlled because if both gametes contribute functional centrosomes, the zygote will have an abnormal spindle. It has long been assumed that, except in the mouse (Schatten et al., 1986) , the active centrosome that drives the first mitotic division is paternally inherited in most animals (reviewed by Schatten, 1994) . However, this uniparental origin of the centrosome is not consistent with the parthenogenetic nature of some eggs (Went, 1982) and with the observation that microtubule assembly also occurs in extracts from unfertilized eggs (Schatten et al., 1992) . Recent findings, that the egg cytoplasm contains a pool of centrosomal components that are recruited around the sperm centriole to build a competent MTOC (Holy and Schatten, 1991; Archer and Solomon, 1994; Doxsey et al., 1994; F61ix et al., 1994; Steams and Kirschner, 1994) , suggested that the active centrosome is composed of maternal and paternal constituents. In view of the possibility of finding mutations that specifically affect this process, an investigation of fertilization in Drosophila provides an unrivalled opportunity to dissect components involved in the first cleavage spindle. However, little is known about the cytology of fertilization in Drosophila, and no information is available on the process of centrosome reconstitution in the fertilized egg.
The CP190 protein is known to be a cole component of the centrosome of Drosophila syncytial embryos (Frasch et al., 1986; Whitfield et al., 1988 Whitfield et al., , 1995 Oegema et al., 1995) . The Rb188 antiserum, which specifically recognizes CP190 (Whitfield et al., 1988 ) is therefore a powerful tool for the investigation of the formation of the zygotic centrosome. We have utilized this antiserum, together with antibodies which identify 3,-tubulin and c~-tubulin, to characterize the paternal and maternal contributions to the assembly of a functional centrosome.
Results

CP190 was found in discrete spots in Drosophila spermatids
CP190 staining was found in secondary spermatocytes during prometaphase as two weak fluorescent spots close to the nuclear region (Fig. la) . This indicates the presence of CP190 inside the cytoplasmic foci that organize the microtubular cytoskeleton of the dividing spermatocytes (Fig.  lb) . Spindle microtubules disappeared on completion of spermatogenesis and their MTOCs were no longer detectable. The only MTOC found at the end of spermatogenesis was in the centriolar region at the posterior pole of the nucleus, at the site of the beginning of the axoneme. The basal body was not labelled by the Rb188 antibody (not shown), suggesting that this body lacks the CP190 protein.
As spermatid differentiation proceeds the nucleus elongates, and two Rb188-1abelled structures are found close to the anterior and posterior ends of the nucleus (Fig. lc,d ). As nuclear elongation continues, the Rb188 staining associated with the posterior pole of the nucleus seems to be organized in a small hollow cylindrical mass which appears as a pair of short segments when viewed in a single focal plane (Fig.  le-g ). The unstained centre of the cylinder recognized by the Rb188 antiserum at the posterior pole of the nucleus corresponds to the position of the basal body, which supports our previous observation that this organelle does not contain the CP190 protein. At an advanced stage of nuclear elongation, the anterior fluorescent spots gradually decrease in intensity and disappear. The posterior labelling is still visible as two or three spots arranged in tandem along the longitudinal axis of the sperm nucleus ( Fig. lh-j) . When the spermatids were incubated with Rbcsl, an antibody against -r-tubulin, a strong signal was detected at the posterior end of the nucleus. This labelling appeared as a bright spot in young spermatids (Fig. 2a,b) and as two dots when the nuclear elongation proceeded (Fig. 2c,d ).
CP190 is associated with discrete cytoplasmic MTOCs in spermatids
Immunofluorescence observations of spermatids with the anti-a-tubulin antibody revealed two distinct assemblies of cytoplasmic microtubules. One assembly was in the form of a discrete envelope (Fig. 3a) that surrounded the elongating nucleus (Fig. 3b) , the so-called 'microtubular manchette'. The other microtubular system was in the peripheral cytoplasm of the tail (Fig. 3c) and probably corresponds to the longitudinal array of microtubules that have been observed near the mitochondrial derivatives in ultrastructural observations (Tokuyasu, 1974) . This peripheral staining could not correspond to the 9 + 9 + 2 axoneme, since the thickness of the tail, as identified by the anti-tubulin antibody, decreased during spermatid maturation, whereas the diameter of the axoneme would presumably remain constant. Double labelling showed that the juxtanuclear anterior and posterior accumulations of CP190 overlap the anterior pole of the microtubular array in the tail (Fig. 3c,d ) and the anterior end of the manchette (Fig. 3e,f) , respectively. These observations strongly suggest that the juxtanuclear structures containing the CP190 protein are nucleation centres for the cytoplasmic microtubules of the spermatids.
Recruitment of CP190 and formation of the sperm aster in fertilized eggs
As the spermatids matured the labelling observed with Rb188 and Rbcsl antibodies decreased and eventually disappeared. We suspected, therefore, that CP190 and ~/-tubulin are gradually lost during spermatogenesis. To confirm this, we looked for CP190 and 3/-tubulin in sperm stored in spermathecae and ventral receptacles of 7-8 day old females. As expected, we did not find any fluorescent labelling of CP190 (Fig. 4a,b) or 3,-tubulin (not shown) associated with the sperm nucleus. This suggests that CP190 and "y-tubulin are not present, or not present in detectable quantities in fertilizing sperm. In agreement with this hypothesis the Rb188 antiserum did not detect the CP190 antigen in sperm heads from newly fertilized eggs dissected from the uterus. This was confirmed by overnight exposure to the Rb188 antibody, which enabled us to recognize the sperm tail and its anterior end, but no reactive material near the condensed sperm head (Fig. 4c,d ). Shortly after egg laying (we were unable to score eggs at intervals shorter than 4-5 min after oviposition due to the time needed for the fixation procedure) a small aster was found near the decondensing sperm head (Fig. 4e,f) and a small cluster of CP190-positive particles was associated with the posterior Fig. 1 . Spermatocytes of Drosophila melanogaster stained with Rb188 (a) and anfi-a-tubulin (b) antibodies during prometaphase of the second meiotic division. Dots of CP190-positive material (arrowheads) are found in correspondence with the foci for spindle microtubules (arrows). Gallery of Drosophila spermatids, during different phases of nuclear elongation, stained for CP190 (c,e,h) and DNA (d,f,i) . Note the discrete spots of CPl90-positive material at the anterior (arrowheads) and posterior (arrows) poles of the nucleus. Computer-generated images (g,j) showing the superimposed immunofluorescence staining of (e,f) and (h,i), respectively; CP190-positive material is red stained, DNA is blue. Bar represents 20 #m in (a~l); 12 #m in (e,f,h,i); '10/zm in (g,j).
pole of the sperm nucleus. This cluster was clearly evident in superimposed images showing the close association of the CP190 particles with the nucleus (Fig. 4g) .
As female meiosis progressed, the sperm head appeared to be further decondensed and the associated aster increased in size. Double labelling with anti-tubulin and Rb188 antibody during late anaphase of the first meiosis revealed that the CP190 was not only found at the focus of the sperm aster, but throughout the whole aster (Fig. 5a ). Starting from metaphase of the second meiotic division, an additional assembly of centrosome material was also seen associated with the female meiotic apparatus (Fig. 5b ). An obvious concentration of CP190 is observed as a focus for the monoastral array of microtubules between the two tandem spindles that hold the female chromosomal complement (Fig. 5b) . The CP190-positive material was visible through anaphase II until the end of telophase II, when the female meiotic apparatus disappeared. A large amount of CP190 was also associated with the focus of the sperm astral microtubules, but in this case, many of the CP190-containing particles were not associated with the MTOC, but were scattered along the microtubules (Fig. 5b) .
The number of CP190-positive particles in the sperm aster decreased during anaphase II, almost all having disappeared by the beginning of telophase II, leaving only two spots of Rb188 staining associated with a single focus of astral microtubules (Fig. 5c ). At this stage y-tubulin is found in two distinct spots within the sperm aster (Fig. 6a,b) , one of which is associated with the anterior end of the sperm tail. By the end of telophase II the astral microtubules originate from two separated foci and fill the anterior region of the egg, extending toward the cortical region and reaching the female meiotic apparatus (Fig. 6c) .
Centrosome assembly is inhibited by EDTA but not by colchicine
Since double-label immunofluorescence showed that the CP190 antigen can be detected along the lengths of astral microtubules associated with the sperm head, and recombinant CP190 has been shown to possess microtubule bundling activity in vitro (Oegema et al., "i995), we considered that there might be a correlation between the centrosomal localization of CPI90 and the activity of the astral microtubules. We therefore set out to determine whether the accumulation of CP190 in the centrosome was microtubule-and/ or energy-dependent.
Eggs collected at 5 min intervals after laying, to obtain metaphase II stages, were permeabilized and incubated for 15 min at 24°C with 20/~M colchicine to prevent microtubule formation (not shown). Under these conditions we never observed a sperm aster or the spindle microtubules of the female meiotic apparatus. The Rb188 antibody stained a small dot of CP190-positive material associated with the anterior end of the sperm tail, which was non-specifically labelled by the antibody, but did not recognize the scattered particles typically found near the sperm head during metaphase II (Fig. 6d) .
When eggs collected as above were incubated for 15 min with 20 mM EDTA to chelate Mg 2÷, the Rb188 did not recognize any reactive material at the anterior end of the sperm tail (Fig. 6e) . In controls, performed with a concentration of 5 mM EDTA (insufficient to sequester all the Mg 2+ contained in the medium), many scattered CP190-positive particles were observed in the cytoplasm surrounding the anterior end of the sperm tall (Fig. 6f) . The same staining pattern was obtained in oocytes incubated in the culture medium without EDTA (not shown). sis were performed using total protein extracts of Drosophila spermatids (Fig. 7) . When blots were immunostained with Rb188 and Bx63, a band of 190 kDa was revealed. This band was not found when total protein extract of mature spermatozoa were probed with Rb188. These results confirm that CP190 protein is present in spermatids but not in mature spermatozoa, in agreement with the immunofluorescence data.
Discussion
The Drosophila egg has been reported to have anastral meiotic spindles lacking centrioles (Huettner, 1924) , and chromatin that plays an important role in spindle microtubule organization in the absence of centrosomal material (Hatsumi and Endow, 1992; Theurkauf and Hawley, 1992) . This unusual condition, in which centrosomal material is not required for spindle organization during female meiosis, is further supported by the observation that centrioles are only found in Drosophila oocytes up to stage 4 (Mahowald and Strassheim, 1970) and that microtubules in the growing oocytes were organized by discrete centres until stage 6 . Since the first cleavage division requires centrioles and centrosomal material, the 
Rb188 and Bx63 identify a 190 kDa polypeptide on immunoblots of total protein extracts from Drosophila spermatids
One-dimensional electrophoresis and immunoblot analy- male gamete is presumed to provide the active MTOC. We demonstrated that the CP190 protein is present at the spindle poles of dividing spermatocytes and that it is localized in two discrete clusters of reactive material in spermatids. Double fluorescence labelling indicates that the CP190 protein is associated with two populations of cytoplasmic microtubules in the spermatids: one which forms a sheath around the nucleus and the other running along the length of the tail. These microtubular arrays presumably correspond to the microtubular baskets around the nucleus and mitochondria which have already been described in ultrastructural studies of spermatogenesis in Drosophila (Tokuyasu, that this centrosomal component is present in the egg, and this is confirmed by Western blot analysis of total protein from unfertilized eggs (Whitfield and Potter, unpublished observation) . This suggests that maternal centrosome components are present in the egg, presumably as undetectable dispersed material which can be activated without paternal contribution. Two observations suggest that CP190 is recruited from the egg cytoplasm to a site adjacent to the sperm nucleus which presumably corresponds to the basal body. Firstly, as in mature spermatozoa dissected from spermathecae or ventral receptacles, we were unable to detect CP190 associated with sperm heads in newly inseminated eggs. Secondly, many small CP190-positive particles were found in the aster assembled at the proximal end of the sperm tail when meiosis resumed. It is noteworthy that 3'-tubulin and MPM-2 antigens have also been shown to be recruited to the basal body of demembranated Xenopus sperm during incubation in activated egg extracts (Ftlix et al., 1994; Steams and Kirschner, 1994) . Furthermore, it has been demonstrated that in sea urchin eggs the egg cytoplasm appears to contain a maternal store of centrosomal components which are utilized in the formation of a competent zygotic centrosome (Holy and Schatten, 1991) and in Xenopus oocytes it has been estimated that the maternal supply of centrosomal material is sufficient to assemble over 1000 centrosomes (Gard et al., 1990) . Double immunofluorescence staining of newly fertilized eggs with anti-tubulin and Rb188 antibodies indicated that many of the CP190-positive particles in the sperm aster were distributed along the microtubules. This suggests that CP190 is present in the egg in a dispersed (and therefore undetectable) form, and becomes visible once recruited into aggregates associated with the astral microtubules. It seemed reasonable to believe that these aggregates might be moved centripetally along the microtubules to reach the 1974). Drosophila spermatids therefore contain two centres that nucleate cytoplasmic microtubules in addition to the basal body which organizes the axoneme. This observation agrees with previous findings in Tenebrio molitor spermatids where two systems of cytoplasmic microtubules were seen to nucleate from 3,-tubulin-containing foci (Wolf and Joshi, 1995) and is confirmed by the strong ~/-tubulin staining that we found at the posterior end of the Drosophila spermatid nucleus. During spermatid maturation, the distribution of CP190 changed from two elongated foci, anterior and posterior of the nucleus, to a single spot, posterior to the nucleus. In mature spermatozoa both CP190 and 7-tubulin were undetectable, and we conclude that the male gamete does not supply either of these proteins to the egg even though they are clearly components of the zygotic centrosome (Whitfield et al., 1988; Callaini and Riparbelli, 1990; Sunkel et al., 1995) . The finding that CP190 protein is detectable in the meiotic apparatus of both fertilized and unfertilized eggs basal body where they would be assembled into the active centrosome, perhaps by the minus-end directed motor cytoplasmic dynein that has been localized in the Drosophila oocyte (Li et al., 1994) . This hypothesis may also be supported by the finding that the assembly of taxol-induced asters and the accumulation of centrosomal proteins are dependent upon cytoplasmic dynein in mitotic extracts of Xenopus eggs (Verde et al., 1991) . To test the possibility of an interaction between the CP190 antigen and the sperm aster microtubules, we depolymerized the microtubules in newly inseminated eggs with colchicine. Colchicine incubation prevented the appearance of scattered particles of CP190-positive material around the sperm nucleus, but did not affect the formation of a small aggregate of this material around the proximal end of the sperm tail. We can therefore assume that the accumulation of CP190 at the zygotic centrosome is not strictly dependent upon microtubules, but rather that the Drosophila centrosome has the property of binding the CP190 protein in the absence of microtubule assembly. This observation is consistent with observations that microtubules are not required for either the accumulation or maintenance of CP190 at the centrosomes of early Drosophila embryos (Raft et al., 1993; Oegema et al., 1995) . Whatever the mechanism by which CP190 accumulates at the centrosome, it appears that it requires the presence of Mg 2+, suggesting that it may be an active ATP-dependent process as has been reported for the accumulation of 3,-tubulin to the sperm mid-piece in Xenopus egg extracts (F61ix et al., 1994; Steams and Kirschner, 1994) . The staining obtained with the Rb188 antibody changed during the fertilization process from many small particles scattered throughout the sperm aster between anaphase I and II, to two small centrosomal foci at the end of mitosis. However, the size of these foci did not seem to increase proportionally to the amount of CP190 that was associated with the aster microtubules. This suggests that the majority of the CP190-positive particles that associate with the aster do so only transiently, and are subsequently dispersed back into the egg cytoplasm. The reason for such a transitory association of this material with the sperm aster are unclear, nor is it obvious how the CP190 protein is directed to assemble around the sperm centriole, but prevented from inappropriate association with the microtubules of the aster between the twin meiotic spindles or the astral regions of the first mitotic spindle. Our observation that almost all of the CP190-positive particles associated with the sperm aster disappeared at the end of meiosis suggests that they might be associated with proteins that bind to microtubules in a cell cycle-dependent manner. However, although bacterially expressed CP190 has been shown to bind to microtubules in vitro , extensive immunofluorescence analyses of syncytial embryos have not revealed any obvious colocalization of CP190 with spindle microtubules (Whitfield et al., 1988; Callaini and Riparbelli, 1990) .
At the end of meiosis the female MTOC is lost, whereas the male centrosome splits into two centres that organize the first mitotic spindle. The difference in behaviour between the male and female MTOCs is presumably not due to regional differences in their cytoplasmic domains since MTOCs associated with supernumerary sperm assemble functional spindles despite their position in polyspermic eggs . Hence, if the whole egg cytoplasm (or at least the anterior half) is competent to assemble functional centrosomes it suggests that the female MTOC lacks important components necessary for the assembly of a centrosome that can reproduce and nucleate the first mitotic spindle. The most obvious difference between the male and female MTOCs is the presence of the paternal centriole at the centre of the sperm aster; this centriole (and any associated pericentriolar material) could be the target for the assembly of the maternal components necessary for centrosome reproduction and nucleation of the mitotic spindle.
How the CP190 protein contributes to the assembly and function of the microtubule organizing centres in Drosophila is an important remaining question. Oegema et al. (1995) have clearly demonstrated a 124 amino acid domain in CP190 which mediates its association with the centrosome. Our observations suggest that during the fertilization process, CP190 is always present in competent MTOCs, including those lacking centrioles. However, in the 1182 acentriolar Drosophila cell line, which exhibits functional but unfocussed mitotic spindles, the CP190 protein is present, but not associated with the rather diffuse MTOCs (Debec and Abbadie, 1989; Debec et al., 1995) . This implies that CP190 is not necessary for microtubule nucleation, but may play an important role in the organization of -y-tubulin and other components of the centrosome that are directly involved in this process.
Materials and methods
Reagents
Microtubules were detected with a monoclonal antibody against ot-tubulin (Amersham, Buckinghamshire, UK). The centrosome-associated protein CP190 was detected with either the rabbit polyclonal antiserum Rb188 (Whitfield et al., 1988) or with the monoclonal antibody Bx63 (Frasch et al., 1986; Whitfield et al., 1988) . 3,-Tubulin was detected using Rbcs 1, a polyclonal antiserum raised against recombinant Drosophila -y-tubulin expressed as a GST fusion protein and affinity purified against a recombinant 3,-tubulin/ maltose binding protein fusion. Secondary antibodies were either goat anti-mouse or goat anti-rabbit IgG (Cappel, West Chester, PA) coupled with FITC or TRITC. DNA was visualized with Hoechst 33258. Colchicine (Sigma) and EDTA (Sigma) were dissolved in distilled water as stock solutions and diluted in D20 medium (Echalier and Ohanes-sian, 1970 ) to a final concentration of 20/~g/ml and 20 mM, respectively. Bovine serum albumin (BSA) was obtained from Sigma.
Egg collection
Drosophila melanogaster (Oregon-R) flies were raised in groups of 50 males and 25 females on standard medium in 200 ml plastic containers. Eggs from 7-8 day old flies were collected at 24°C on small agar plates. After two 20 min precollections, fertilized eggs were collected at different intervals, ranging from 2 min to 15 min, to obtain meiotic stages and first mitotic divisions. Newly inseminated eggs were obtained by dissection from the uterus of 7-8 day old females, dechorionated in 50% bleach, washed in distilled water and fixed. The vitelline envelope was removed as described by Warn and Warn (1986) , except for a final fixation with acetone at -20°C for 5 min.
Sperm collection
Spermatids were obtained by dissecting testis of newly emerged males; sperm were obtained by dissecting testes of 7-8 day old males and spermathecae and ventral receptacles of 7-8 day old females. Testes, spermathecae and ventral receptacles were opened using tungsten needles in a small drop of phosphate buffered saline (PBS) on glass coverslips. The coverslips were then immersed in 100% methanol at -20°C for 5 min and subsequently in 100% acetone at -20°C for 5 min.
Drug treatment
For colchicine and EDTA incubations, the fertilized eggs collected from rapidly laying females were dechorionated, washed in distilled water, dried on filter paper, and permeabilized with heptane for 2 rain as described by Limbourg and Zalokar (1973) . After incubation with the drugs for 15 min at 24°C, the embryos were fixed and the vitelline envelope removed as described above.
Fluorescence microscopy
After fixation, the embryos or the glass coverslips were washed three times in PBS and incubated for 30 min in PBS containing 0.1% bovine serum albumin (BSA). CP190 was detected by incubation of the samples with Rb188 (diluted 1:400 in PBS/BSA). 3,-Tubulin was detected by incubation with Rbcsl (diluted 1:100 in PBS/BSA). Incubations were for 4-5 h at room temperature, or overnight at 4°C. In double staining experiments, ct-tubulin was detected by subsequent incubation of the samples with monoclonal anti-c~-tubulin (diluted 1:400 in PBS/BSA) for 1 h at room temperature. After incubation in primary antibodies, samples were rinsed three times for 10 min each in PBS/BSA and incubated for 1 h in the appropriate second antibodies (diluted 1:600 in PBS/BSA). After rinsing in PBS the DNA was stained by incubating in PBS containing 1 #g/ ml Hoechst 33258 for 3-4 min. The samples were rinsed again in PBS and mounted on glass microscope slides in 90% glycerol containing 2.5% n-propyl gallate (Giloh and Sedat, 1982) . Fluorescence observations were made on a Leitz Aristoplan microscope equipped with FITC, TRITC and UV filters. Photomicrographs were taken with Kodak Tri-X 400 Pro and developed in Kodak HC110 developer for 7 rain at 20°C.
Confocal microscopy
The organization of microtubules and CP190-positive material was also observed using an MRC-600 laser scanning confocal microscope (Bio-Rad Microscience, Cambridge, MA) mounted on a Nikon Optiphot, with a 60 × planapo objective. Image collection was performed by Kalman averaging of 10-13 images to improve signal to noise ratio. Images were contrast enhanced using Adobe Photoshop Software on an IBM Aptiva Computer. Digital images were printed on Kodak Ektachrome Elite 100 ASA film using a Polaroid CI-3000 Digital Palette.
7. Electrophoresis and Western blotting
Total proteins from Drosophila spermatids and mature spermatozoa were separated on 8.5% SDS-PAGE (Laemmli, 1970) . Some lanes of the gel were stained with Coomassie Blue R250 and others used for electrophoretic transfer of the proteins to nitrocellulose filters according to the method of Towbin et al. (1979) , except that methanol was omitted from the transfer buffer. Nitrocellulose strips were blocked overnight at 4°C in 10% FCS in PBS, rinsed in PBS and then incubated for 2 h at room temperature with Rb188 antiserum (diluted 1:400 in FCS/PBS) and Bx63 monoclonal tissue culture supernatant (undiluted). The filters were washed for 15 min in each of the following: (1) 1% NP40 in PBS; (2) 0.1% NP40 in PBS; (3) PBS; and then incubated for 2 h in the appropriate peroxidase conjugated second antibodies diluted 1:5000 in FCS/PBS. After repeating the washing cycle with an extra wash in PBS, the staining was developed in a solution of 0.05% 4-chloro-1-napthol in PBS to which 0.002 vol. of HzO2 (30% w/v) had been added. Controls were performed by omitting the primary antibody.
